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Recently, research and development toward practical Ultra High 
Definition Television (UHDTV) next-generation broadcasts have been 
advanced. In Japan, practical broadcasting service of UHDTV has already 
started since December 2018. That service uses broadcasting satellites. the 
definitions of the video signals of High Definition Television (HDTV) and 
UHDTV differ. Hence, their richness in spatial, temporal, and amplitudinal 
characteristics, dynamic range, and color gamut varies. Through the 
evolution of display and capture devices and video formats, the diversity of 
them have also increased. People watch video contents on big screen like 
UHDTV and small one like smartphones. They also watch old contents on 
UHDTV displays. Thus, the methods to convert between video formats and 
to deliver video contents among various environments, have been proposed.  
In this thesis, we propose two conversion methods and two delivering 
methods for this diversity. We introduce Bit-depth and Gamut-extension 
methods in Chapter 2 and 3, and also do Bit-depth scalable video coding and 
Perceptual driven adaptive video coding methods in Chapter 2 and 4. 
In Chapter 2, this thesis proposes bit-depth scalable video coding 
method which use our Bit-depth extension method as inter-layer prediction. 
In the bit-depth scalable video coding solution, eight-bit SDR video 
sequences that are generated from HDR sequences for a backward 
compatibility, are coded as the base layer bit-stream. HDR, high bit-depth 
video sequences are predicted from the decoded images of the base layer 
stream in the local decoder using inverse tone mapping (ITM), that is the 
backward process of the TM. The residue signals and side information that 
are necessary for the ITM, are coded in the enhancement layer. However, 
conventional studies about the ITM used in inter-layer prediction are not 
considering restoration of gradation information. In this study, we propose a 
bit-depth scalable coding method using well-optimized inter-layer prediction 
for gradation restoration. Our method estimates histogram and gradation on 
higher-bit-depth image from lower one using nonlinear filter. By applying the 
prediction method that is specialized for generating mid-levels, coding 
efficiency is gained. In addition, we also verify that the visual quality of 
decoded signal is gained subjectively. Furthermore, we let our method enable 
to support variable blockwise adaptive mode selection, and the experimental 
results show BDRATE reductions HDR signal prediction. 
In Chapter 3, this thesis proposes Gamut extension methods to 





from BT.709. Herein this chapter introduces two methods of color space 
conversion from BT.709 to BT.2020 using anisotropic chromaticity diffusion 
and CNN. We identify the relationship between the chromaticities in the 
original BT.2020 gamut image and the chroma-clipped the BT.2020 gamut 
image. The first method anisotropically diffuses the BT.709 chromaticities 
according to the direction of the original chromaticities in the BT.2020 color 
space. We also show a method to restore color information using CNN. Using 
these methods along with the BT.709 images gives the BT.2020 images with 
chromaticities out of the BT.709 color gamut. To train CNN, we used the 
private video sequences provided by NHK STRL. The sequences were 
recorded by conforming to the BT.2020 gamut. They consisted of 89 scenes 
with an 8K (7680×4320) resolution and 12-bit depth per channel. Their 
length was about 21,711 seconds (1,302,660 frames). Both of these methods 
can provide BT.2020 images with chromaticities out of the BT.709 color 
gamut that the original BT.709 did not possess. We also compare our methods 
to the conventional methods. One of our CNN methods can achieve a 
2.31-dB gain against the TC method on average. 
In Chapter 4, this thesis proposes the perceptual quality driven 
adaptive video coding method which uses Just-Noticeable Difference (JND) 
scale as a perceptual quality measure and tries to produce streams for each 
target JND, not bitrate. Recently, video streaming services such as YouTube 
and Netflix have been explosively grown popular. In addition, the diversity of 
client devices, OSs and monitor resolutions have also increased. The aim of 
video streaming service is always to deliver the best video quality stream to a 
client, no matter what the program or genre, tailored to the client’s available 
bandwidth and viewing device capability. Generally, in servers, video data 
are encoded by applying encoding recipes (a list of resolution-bitrate-pairs) to 
produce streams for various resolutions and bitrates. On the other hand, client 
devices adaptively choose a resolution-bitrate-pair from the list to maximize 
video quality while avoiding video pause and re-buffering. Currently, general 
video streaming solutions transcode streams by a constant “one-size-fits-all” 
recipe. It fixes a series of bitrates and resolutions related to picture quality 
hierarchy. This fixed recipe is widely used because of its simplicity. However, 
video encoding process is so complex that resolution-bitrate-pairs which 
video sequences require for presenting the same visual quality vary 
depending on their characteristics. This causes many problems in the fixed 





in the next chapter. Per-title recipe has aimed to maximize objective video 
quality metric (such as PSNR) and has been bitrate-oriented. However, even 
if it produces streams which maximize PSNR for each target bitrate, some of 
those streams may not have noticeable difference from the perceptual quality 
viewpoint. This causes redundancies of streams and waste of server storages 
might happen. We propose a perceptual quality driven adaptive video coding 
method which can solve problems caused by the fixed encoding recipe. We 
use Just-Noticeable Difference (JND) scale as a perceptual quality measure. 
The JND scale is a subjective video quality metric by which human can 
recognize picture quality difference. We need to estimate JND scales from 
input video signals. We use encoding parameters (QP, bitrate and resolution) 
and objective distortion measures which are available by pre-encoding input 
sequences. We then apply Support Vector Regression (SVR) to estimate 
JNDs and generate a perceptual quality driven per-title recipe for each 
sequence. We conduct experiments and confirm that better rate-JND 
characteristics and smaller storage sized can be achieved with our method 
than the conventional fixed recipe. We also propose an acceleration 
methodology to generate perceptual quality-driven encoding recipes for live 
streaming, which is introduced three acceleration methods; resolution 
extrapolation, VMAF skipping, and sampled calculation of distortion 
measures. Through evaluations using 220 video sequences, our experimental 
results demonstrated that the proposed method can reduce computational cost 
without a large degradation in the rate-distortion performance. 
As Future work, for our bit-depth scalable video coding method, we 
will need more study about the mode optimization, and also the process after 
the inter-layer prediction. For gamut-extension method, we will try to utilize 
spatial–temporal correlations in an anisotropic diffusion method. We also will 
try to combine our CNN methods with the method for inverse tone mapping 
as well as apply our methods to color gamut scalability video coding to 
improve inter-layer prediction. For perceptual quality driven adaptive coding 
method, we will provide deeper analysis and discussion on the evaluation 
results and improve the proposed method to generate more accurate constant 
JND recipes with low computation cost. In addition, we will implement the 
proposed method into an actual platform and validate the perceptual quality 
by carrying out actual live streaming experiments along with greater numbers 
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